We report on the sy nthesis of complexes hav ing two equ iva lent redox active 2,5-dim ethyla zafe rrocenyl entities co nnected by heteroaryl (heteroaryl = thiophenyl, bithiophenyl and pyridyl) bridges. The new compounds have been investigated by various electrochemical techniques including cyclic voltammetry (CV), differential pul se voltammetry (DPV) and square wave voltammetry (SW) and were found to ex hibit two consecutive reversibl e or partially reversibl e one-e lectron oxidations. Comproportionation constants (/(c) ca lcu lated from 6£' /2 values indicate that th e thermodynamic stability of their monoxidi zed form s exceeds those of analogous ferrocenes. In thi s paper we also report the X-ray crysta l structure and UV-Vi s s pectroelectrochemistry of pare nt 2,5-d imethylazaferrocene.
Introduction
Homo-and heterobinuclear complexes with 1t-conjugated bridges have attracted considerable attention during rece nt years because they serve as simple models for investigating metal-m etal electroni c com munication 11 J. There is also an increasing awareness that such m etal capped 1t-conjugated systems will playa role in the design of new ge nerations of electronic materials 12J. Ferroce nes, due to the high stabilities of their neutral and oxidized forms, have been extensively explored as electroactive end-groups in that area of research 13J. Compounds with two ferrocenyl units can be divided into two subclasses. The first class is represented by co mpl exes in which the ferrocenyl fragments are equivalent by symmetry. The second one co mpri ses complexes with non-equivalent ferrocenyl sites which is mostly imposed by a low sy mmetry of the bridging heterocycl e(s). 2,5-Di(ferrocenyl)-thiophene (1) 14J, 3.4-d i(ferrocenyl)thi ophene (2) 14J, 2,6-di (ferrocenyl)pyridine (3) 141, l,3-di(ferrocenyl )benzolbJthiophene (4) 15], l,3-di( ferrocenyl )benzol b Jselenop hene (5) 15 J, 5,5"'-d i( fen'ocenyl )-3.3"'-dimethoxy-2,2': 5',2" :5",2"'-quaterthi ophene (6) 16). cis! trans di(ferrocenyl)-tetrathiafulvalene (7) I7J and 5,5'-di(ferroce-
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Derivatives of class two are represented by 2,3-d i(ferrocenyl)benzo lbJthiophene (9) 15 J, 2,5-di(ferrocenyl)thiazo le (1 0 ) 18,9 1 and 2,5-di(ferroce nyl)oxazole (11) [101 (Fig. 2 ) .
The degree of interactions between t he iron ce nters in t he mixed-valent states of 1-5 has been mostly investigated by cyclic volta mmetry (CV) . Unfortunately, the differe nt experimental conditions applied hamper a straightfOlward co mpariso n of the difference between the individual half-wave potentials, ~E ' /2' of 1-5 and of the com proportion atio n constants (J(c) derived thereof via Eq. (1) [11 1. In Eq. (1), F is the Faraday constant, 11 the number of transferred electron s and ~E ' /2 the difference of ha lf-wave potentials. Nevertheless, the hi ghest ~E'/2 values of 280 mV a nd 305 mV have been reported for 4 and 5, respectively, corresponding to J(c = 5.4 x 10 4 for 4 and J(c = 1.4 x 10 5 for 5 [5 J. Lower degrees of electroni c interactions between th e iron ce nters have been detected (by means of CV tec hn ique) for 1 (~E ' /2 = 150 mV, J(c = 340), 2 (~El /2 = 140 mV, Kc = 230) along with negligi bl e interactions in the case of 3 (one two-electron redox wave, ~E ' I 2 '" 0 mV ) [4J. Exte nsive studies by Tarraga and Molina [8 -10J on unsymmetrical di(ferrocenyl) substitu ted heteroarenes suggest the presence of electroni c iron-iron in teractions in 10 and 11 (~E1/2 = 140 mV, Kc = 2.32 X 10 2 in each case) but not in 8 (one two-e lectron redox wave, ~E ' /2 '" 0 mV). These interactions ca n be efficiently modulated by protonating the bridging ligands 18-101. 
Fe = Ferroeene capping groups in heteroaryl bridged dinuclear complexes provides access to their corresponding thermodynamically stable mixed-valence monoxidized forms that exhibit fair levels of Fe(ll)-Fe(lll) electronic interactions
(1 )
The synthesis of novel bridged metallocenes with a high degree of electron delocalization in their mixed-valence state(s) presents a continuous scientific challenge. With this in mind we here report on the synthesis and electrochemical characterization of the three novel 2,S-dimethylazaferrocenyl substituted derivatives 2,S-di(1 '-(2,S -dimethylazaferrocenyl))thiophene (12), 2,6-di(1 '-(2,S-dimethylazaferrocenyl))pyridine (13) and S,S'-di( 1 '-(2,S-dimethylazaferrocenyl))-2,2'-bithiophene (14). Complexes 12 and 13 are close relatives of compounds 1 and 3. The rationale for introduction of 2,S-dimethylazaferrocene was to investigate the degree of electronic interactions mediated by thiophenyl, bithiophenyl and pyridyl bridges when connected to end-groups with a higher redox potential than that of ferrocene [13J.
In this paper we also report the X-ray crystal structure of parent 2,S-dimethylazaferrocene (15) along with the UV-Vis spectroelectrochemical characterization of its associated radical cation . However, the most straightforward and universal approach is represented by palladium cata lyzed cross-coupling reactions of ferrocenylzinc chloride and dihaloheteroarenes. Based on thi s methodology, complexes 1, 2, 3, 6, 7 and 9 have been obtained [4-7J. We have already reported that 2,S-dimethylazaferrocenylzinc chloride undergoes palladium catalyzed cross-coupling reactions with dibromoheteroarenes to yield 1 '-heteroaryl-2,Sdimethylazaferrocenes [13J. As a logical continuation of this study we applied this type of cross-coupling reactions toward the preparation of symmetrical heteroaryl bridged dinuclear azaferrocenyl complexes.
Results and discussion
The synthetic route for the preparation of compounds 12, 13 and 14 is outlined in Scheme 1 and involves lithiation of 2,S-dimethylazaferrocene (15) [14J followed by addition of ZnCl z . In the next step a catalytic amount of PdCl z (PPh 3 h in THF and th e appropriate reactive 1 '-heteroaryl-2,5-dimethylazaferrocen es 16 [13 J, 17 [ 13 J or 18 were successively added at room temperature to the stirring reaction mixtures.
In order to increase the yields, an excess of the readily available 2,S-d imethylazaferrocene was used. It is worth to point out that the bromo-substituted bithiophene derivative 18 is another example of a new 1 '-heteroaryl-2,5-dimethylazaferrocene that was obtained in the course of this work. It was therefore characterized by various spectroscopic techniques and by elemental analysis (see Section 4). Analytically pure samples of 12 and 14 have been obtained after standard workup and crystallization from n-hexane with 58% and 73% isolated yields. The pyridine derivative 13 has been isolated as orange-red viscous solid in a 61 % yield. All newly synthesized compounds are fairly thermally and air stable. Interesti ngly, in case of the reaction with 16 we were able to isolate, besides the expected 12, trace amounts of the bithiophene complex 14 and of debrominated 19 (Fig 3) . Similar side reactions were seemi ngly encountered in the reactions with 17 and 18. In those cases we also observed upon column chromatography additional sma ll , broad and weakly colored fractions. The lH NMR spectra of these fractions indicated the presence of complex mixtures of still unseparated products.
The structures of 12, 13 and 14 were confirmed by spectroscopic methods and elemental analyses. The 1 H NMR spectrum of 12 shows a singlet at 6.96 ppm for the two equivalent thienyl ring protons, two four protons singlets at 4.50 ppm and 4.31 ppm for the substituted cyclopentadienyl ligands, a singlet at 4 .27 ppm for the p-pyrrolyl protons and a singlet at 2.12 ppm from the four ()(-pyrrolyl methyl groups. The'H NMR spectrum of 13 exhibits a low-field one proton triplet at 7.S9 ppm and a two protons doublet at 7.30 ppm. This pattern clearly indicates the presence of a symmetrical 2,6-disubstituted pyridin e ring. The two triplets of the cyclopentadienyl ligands' protons . appear at 4.93 ppm and 4.40 ppm, along with a four protons singlet at 4.24 ppm for the p-pyrrolyl protons and a singlet at 2.03 ppm from the four ()(-pyrrolyl methyl groups. The' H NMR spectrum of 14 shows two doublets at 7.03 ppm and 6.99 ppm for the two pairs of nonequivalent thienyl protons, two four protons singlets at 4 .S1 ppm and 4.33 ppm for the substituted cyclopentadienyl ligands, a singlet at 4.29 ppm for the ~-pyrrolyl protons and a singlet at 2.14 ppm from the four a-pyrro lyl methyl groups.
Electrochemical studies of 12, 13, 14 and 18
One important incentive for preparing heteroaryl bridged dinuclear 2,5-dim ethylazaferroce nes 12, 13 and 14 was to investigate their electrochemica l behavior, especially with respect to electronic communication between the iron centers. It was of particular interest to compare the thermodynamic stabi li ties (Kc values, Eq. (1 )) of their mixed-valent radical cations to those of the analogo us ferrocenes 1 and 3 and to that of the closely related 8.
Electrochemical studies on the heteroaryl bridged 2,5-dimethyla zaferroce ne derivatives 12, 13 and 14 and on the azaferrocenyl substituted bithiophene 18 were conducted in CHzCl zINBu4PF6 (0.2 M) at 293 K. The choice of this supporting electrolyte follows our recent observation [1 3 1 that the 01+ couple of parent 2,5-d imethylazaferrocene is considerably more reversible in this electrolyte when compared to CHzCl zINBu4C104 [1 5 J. Under these conditions, all heteroaryl bridged 2,5-dimethylazaferrocenes displayed two consecutive closely to moderately spaced one-electron oxidations. While the radical cations appear to be stable on the voltammetric time-scale, dioxidi zed 122+ and 13 2 + are not. Overall reversibility coefficients as they were calculated by the ratio of the total cathodic reverse and the anodic forward currents ip,rcv/ip,forw are 0.9 in the case of 12 and 0.85 for 13 at v = 0.1 Vis but stead ily in crease to approac h 1.0 as the sweep rate is increased to 1.0 Vis (12) or 2.0 Vis (13) or upon cooling. No such co mplications were observed for 14.
As it is a pparent from the cyclic volta mmograms and sq uare wave voltammograms in Fi g. 4 and the data in Tabl e 1, the splitting of half-wave potentials, Ll.E 1 / Z , and Kc values increase in the order 13 < 14 < 12. In li eu of a direct measure of the degree of electronic coupling, e.g. by the analysis of electronic intervalence charge transfer bands of the associated radical cations (vid e infra), it is not clear whether this trend also mirrors an increase of "communication" across the bridge. While there are several examples of such correlations between Ll.E 1 / z (Kc) and the electron ic coupling element VAS (or a parameter directly related to V AB ) [16,17J in the literature, [1 8] there are also adverse cases where such correlations do not exist [1 9] . We nevertheless note that the Ll.El/2 values of 12 and 13 (and consequently their Kc values) are consistently large r than those of the analogous ferrocene derivatives 1 and 3. One may speculate that this arises from the lower energy gap between the azaferrocene based "redox orbi tals" and those of the respective bridge. Thus, 2,5-dimethyla zaferrocene is oxidized 170 mV positive of the CpzFeo/+ couple. Bridge centered, irreversible oxidations are observed at higher potentials, mostly as twoelectron waves. Upon increasing t he sweep rate, the peak currents of the bridge-based oxidations decrease and approach the oneelectron limit but they remain chemically irreversible. The loss of the cathodic reverse peak(s) associated with the first two oxidations after scann ing through the bridge oxidation and th e distortion of successive voltammograms signals electrode filmin g. This required thorough wiping of the electrode after passing through the bridge-based oxidation.
It is also of interest to compare the half-wave potentials of derivatives 18/14 that only differ with respect to the 5'-substituent at the second thiophene ring (Br for 18 but 2,5-dimethyl-l '-azaferrocenyl for 14). Compound 18 exhibits a reversible one-electron oxidation at +0.190 V and an irreversible bridge oxidation at 0.85 V. Th e half-wave potential of the 18/18+ couple is thus exactly midway between that of the two one-electron, azaferrocenyl based oxidations at +0.142 and +0.242 V of 14. Reason s that could accou nt for the cathodic sh ift of the first oxidation wave of 14 when compareci to 18 are th e lesser electron withdrawing effect of the 2,5-dimethyl-azaferrocenyl substituent with res pect to the bromide, a ga in of th ermody nami c sta bili zatio n for the mixed-valent radical cation 14+ by "electronic communication" which is not available for 18+, or a m elange of both. Whichever the reason is, the cathodic shift of the 14/14+ co upl e with respect to 18/18+ signal s conjugation between the bithiophene and the azaferrocenyl subunits of 14 and 18. An even larger shift is observed for 12/16 with a single thiophene ring as th e intervening bridge. For pair 13/17 with the weakly conjugating 2,6-pyridinediyl bridge the shift is co nseq uently sm all er. In order to directly probe for electroni c interactions between the individual azaferroce nyl entities we attem pted to record UVVi s-NIR spectra of the intermedia te radi cal cation of thiopheny l bridged 12+ with the largest comproportionation constant of this series. Repeated attempts to electrogenerate and characterize 12+ inside our OTILE cell w ere, however, not m et by success and in evitably led to rapid filming of the working electrode. Obviously, oxidi zed 12 electropo lymerizes rapidly. This is a we ll -known behavior of thiophenes [20-22 1.
The radi ca l cation of parent 15, in co ntrast, co uld be unambi guou sly identified by thi s technique. Neutral 15 absorbs at 495, 436 and 330 nm. These bands relate to the 'A 1g -+ 'E1g(a), 'A, g -+ 'E zg and 'A, g -+ lE,g (b) absorpt ions that are observed at 458, 436 and 330 nm for parent ferrocene and at hi gher energies for m ethyl substituted derivatives [23 1. Upon oxidation these bands red-shift to 735, 697 and 570 nm. 15+ thus abso rbs at lower energy than poly-2,5-bis-( 2-thiophene )-1' ,2' ,3',4' ,5' -penta m ethylazaferrocene Umax = 662 nm) 122 1 an d parent ferroc enium (64 1 and 63 1 nm), but at sim il ar energy as the 1,1 '-dimethyl ferroce nium io n (711, 702nm) [241. Even under the co nditions of spectroelectrochemi stry. 15+ is only short-lived and is subj ect to polymerization upon which the radi ca l cation bands disappear while a red film forms on the working electrode. The extin ctio n coefficients provided in Fig. 5 are th erefore just a lower estimate. Attempts to record the ESR spectrum of electrogenerated 15+, however, fa il ed even when the electrolysis was perform ed at -20°C and when the probe was cooled to 4 I<.
X-Ray diffraction study of 2,5-dim ethylazaferrocel1e (15)
2,5-Dimethylazaferrocene (15) was first synthesized in 1964 by Pauson et al. [25 1 . Along with azafe rro cene 20 (Fig. 6 ) it is the simplest heteroferrocene.
To the best of our know ledge, no X-ray crystal structures have been reported for either 15 cene (15) reportedly form s a n oil at room temperature [25,261, We now have found that after carefu l removal of residual solve nt in a free ze/pump procedure 15 form s crystals which do not melt at room temperature for hours under vacuum. This initial observation led, after several attempts, to crystals suitable for X-ray diffraction analysis. It is, howeve r, important to underlin e that selection of the bes t crystals and their manipulation were carried out at low temperatures. Compound 15 crystallizes in the orthorhombic s pace group Pbca, Data pertaining to the data co ll ection and structure refinement are collected in Table 2 . Tab le 3 provides a selection of the most important interatomic distances and bond angles. A plot of an individual molecule of 15 is di s played in Fi g. 7.
The iron atom is sandwiched betwee n an-bonded 2,5-dimethylpyrrole a nd an-bonded cyclopentadienyl ring with distances of The analogous distance for the iron atom and th e Cp ring is 0.016 A.
In the solid state mol ec ul es of 15 are stabilized by w ea k interactions on ly and ex hibit a hi era rchi c patte rn of organi za tion, At the simplest level. mol ecules of 15 form infinite layers along the inte rmol ecular contacts with the same methyl group proton H(5 A). The laye rs are held togeth er by H···H inte rmolecular contacts of 2.3 15 A between methyl group proton H(6C) and methyl group proton H(5C) from the second parall el layer. Th e bilayers that are generated in thi s manner are agai n held togeth er by weak H· ··H contacts with the strongest such in teraction between cyclope ntadienyl proton H(9A) and methyl gro up proton H(6B) with a di stance of 2.514 A. One can assum e that this rel a tively weak bi layer stabili za tion accounts for the oily character of 15 at room +-2.315 A~+-2.514 A~+-2 . 315 A~<-2 . 514 A~+-2.315 A->+-2.514 A-> temperature. The perpendicular projection of layers on crystallogra phic ac plane is shown in Fig. 8 .
Conclusions
Dinuclea r 2,5-dimethylazaferrocene derivatives 12, 14 and 13 having heteroa lyl (thiophenyl, bithiophenyl, pyridyl) bridges have been readily prepared by palladium catalyzed cross-coupling reactions of 2,5-dimethylazaferrocenezinc chloride with the respective bromo-substituted heteroarene precursor. Electrochemical studi es reveal that each of these complexes und ergoes two consecutive one-electron oxidations to the modestly stable respective dications. The thermodynamic stabi liti es of the intermediate mixedvalent radical cations increase in the order 2,6-pyridyl bridged 13 < 5,5'-bithiophenyl bridged 14 < 2,5-thiophenyl bridged 12 and follow the expected trend. The J(c values of the radical cations are notably larger than for analogous ferrocenes, possibly as a result of the lower energy gap between the end-group and bridgebased oxidations. Parent 2,5-d imethylazaferrocene was also investigated by X-ray clystallography and exhibits a close to symmetrical binding of the iron to the two different rings. Weak intermolecu lar forces between individual mol ecul es of 15 explain its oily character and previous failures to obtain crystals of this molecule. The associated azaferrocenium ion 15+ proved to be sufficiently stable to be characterized by optical spectroscopy. Bands are shifted to lower energy when compared to the ferrocenium ion but are at similar energy as in 1,1 '-dimethylferrocenium salts.
Experimental

1. Genera l remarks
All preparations were carried out using standard Schlenk techniques. Chromatographic separations were carried out using sili ca ge l 60 (Merck, 230-400 m es h ASTM). Tetrahydrofuran was di stilled over sodium benzophenone ketyl. Other solvents were of reagent grade and were used without prior purification. 2,5-Dimethylazaferrocene was prepared according to the literature procedure [26 [. All other chemicals were purchased from Aldrich Chemical Co. NMR spectra were recorded on a Bruker AV300 spectrometer. Chemical shifts are reported in b (ppm) using residual CHCI 3 ('H ,j 7.26 ppm) and CDHCl 2 ('H ,) 5.32 ppm) as the reference. Mass spectra were recorded using EI methods on a Finnigan MAT 71 OA spectrometer. Microa nalyses were determined by Analytical Services of the University of Regensburg.
Electrochemical work was performed on a BAS CV50 potentiostat in a home-built vacuum tight one-compartment cell using Pt or gla ssy carbon disk electrodes from BAS as the working electrode, a platinum spiral as the counter electrode and a silver spiral as a pseudo-reference electrode. Each of the spiral-shaped electrodes is welded to Vycon wire and sealed into a glass tube. Counter and reference electrodes are introduced into the cell by appropriate fittings in the sid e-wall and sealed via a Quickfit screw. CH 2 CI 2 for electrochemical use was of Burdick&Jackson brand (Fluka) and was di still ed from CaH 2 , deoxygenated by saturation with argon and briefly stored over molecular sieves. Potential calibra tion was performed by adding ferrocene or decamethylferrocene (E1 /2 = -0.545 V versus CP2Feo/+) as an internal standard to the anaIyte solution. The amount of the reference system was adjusted until the peak currents of the respective standard were comparable to those of the analyte. Potentials are given against the ferrocene/ferrocenium couple. The splittings of half-wave potentials were directly taken from the CVs, square wave and differential pulse voltammograms (12) or by deconvolution of the overlapping peaks in sq uare wave and differential pulse voltammetry (13, 14) . L'1E' /2 values were independently calculated from the CV peak potential separations and forward wave half-widths by the method of Ri chardson and Taube [11 [. Values obtained from different methods were identical within ±6 mV. 1'-(5-(5'-bromo-2 ,2' -bithiopllenyl) )-2. 5-dimethylazaferrocene (18) Sec-BuLi (1.4 Min cyclohexane. 1.3 ml, 1.8 mmol) was added to an argon-saturated THF (12 ml) solution of 2.5-dimethylazaferrocene (263 mg, 1.22 mmol) and TMEDA (95 ~ll , 0.06 mmol) at -78°C. After the mixture was stirred for 1.5 h at -78°C, ZnCI 2 (240 mg, 1.76 mmol) was added and the reacting mixture was warmed to room temperature and stirred for 1.5 h. Then, to the reacting mixture a suspension of PdCI 2 (PPh 3 h (42 mg, 0.06 mmol) in THF (2 ml) and a solution of 5,5'-dibromo-2,2'-bithiophene (454 mg, 1.40 mmol) in THF (3 ml) were added. The reaction m ixture was stirred at room temperature for 2 h and then poured onto water. After workup, compound 18 was purified by column chromatography on silica gel by eluting with ethyl acetate and crystallized from n-hexane. Yield : 250 mg (45%).
. Synthesis of
'H NMR (300 MHz, CDCI 3 ): () 6.97 (d, 3H, 3 1HH = 3.6 Hz, H thienyl), 6.90 (d, 1 H, 311-11-1 = 3.8 3.53; N, 3.06; 5, 13.99. Found: C, 50.35; H, 3.69; N, 2.96; 5, 13 .88%. (1) (2) )thiopllene (12) Sec-BuLi (1.4 Min cyclohexane, 0.8ml, 1.12 mmol) was added to an argon-saturated TI-IF (12 ml) solution of 2,5-dimethylazaferroce ne (158 mg, 0.73 mmol) and TMEDA (70 ~I) at -78°C. After the mixture was stirred for 1.5 h at -78°C, ZnCI 2 ( 148 mg, 1.08 mmol) was added and the reacting mixture was warmed to room te mperature and stirred for 1.5 h. Then, a suspension of PdCI 2 (PPh 3 h (26 mg, 0.04 mmol) in THF ( 1.5 ml) and a solut ion of 1 '-(2-bromothiophen-5-yl)-2,5-dimethylazaferrocene (16) (70 mg, 0.18 mmol) in THF (2 ml) were added. The reaction mixture was stirred at room temperature for 2 h and then poured onto water. After workup, comp lex 12 was purified by column chromatography on silica gel by eluting with ethy l acetate-methanol (50:2) mixture and crystallized from n-hexane. Yield: 53 mg (58%).
Synthesis of 2,5-di
'H NMR (300 MHz for 61.17; 5.14; N, 5.49; 5, 6.27. Found: C, 60.83; H, 5.38; N, 5.32; 5, 6 .03%. 1'-(tI1ien-2-yl)-2,5-dil1lethylazaferrocene (19) 2,6-di( 1'-(2,5-dimethylazaferrocenyl) )pyridine (13 ) The synthesis was performed as in Secti on 4.1.2., but with 1 '-(2-bromopyridin-6-yl)-2,5-dimethylazaferrocene (17) (60 mg, 0,16 mmol). Yield: 49 mg (61 %).
1.3. Synth esis of
IH NMR (300 MHz, CD 2 C1 2 ): <> 7.59 (t, 1 H, 3 11-11-1 = 7.7 Hz, H pyridinyl), 7.30 (d, 2H, 3AIII = 7.7 Hz, H pyridinyl), 4.93 (pseudo-t, 4H, 1 = 1.6 Hz, Cp), 4.40 (pseudo-t, 4H, 1 = 1.6 Hz, Cp), 4.24 (s, 4H, ~ pyrrolyl), 2.03 (s, 12H, CHJ)' 1 H NMR (300 MHz, CDCI] ): ii 7.56 (t, 1 H, 3 11-11-1 = 7.7 Hz, H pyridinyl), 7.29 (d, H, 5.77 ; N, 7.76. Found: C, 59.20; H, 5.33 ; N, 7.49%. 4. 1.4. Syntil esis of 5, 
)-2,2' -bithiophene (14)
The synthesis was performed as in Section 4.1.2. but with 1 '-(5-(5' -bromo-2,2' -bithiophenyl))-2,5-dimethylazaferrocene (18) (60 mg, 0. 13 mmol). Yield : 56mg (73 %).
1047
IH NMR (300 MHz, CDCI ] ): (j 7.03 (d, 2H, 311-1H = 3.5 Hz, H thienyl), 6.99 (d, 2H, 3 11-11-1 = 3.5 , 4.77; N, 4.73; 5, 10.80. Found: C, 60.79 ; H, 4.92; N, 4.36; 5, 10 .74%.
Crystal structure determination
Diffraction data for crysta ls of compound 15 wa s coll ected with an Oxford Diffraction Gemini Ultra CCD diffractometer [29 J with multilayer optics and Cu Kcx rad iation (), = 1.5418 A). The structures were solved by direct methods (sIR -97) [30] and refined by full -matrix least-squares on F2 [ 31] . H atoms w ere calcu lated geometrica lly and a riding model was appli ed during the refinement process. Packing diagrams were generated w ith the MERCURY program [ 32] .
